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This Evening's Menu...

|Gene of the Day: thyroid peroxidasel

« Entrez Gene and RefSeq

— Exploring evidence for gene annotations
« Beyond RefSeq

— What if my species isn't in RefSeq?
« Sequence Polymorphisms

— Finding SNPs and phenotypes
« NCBI Map Viewer

— View and retrieve annotations and associated data
¢ Finding Gene Homologs

— Find homologs using Entrez, Map Viewer, and BLAST
« Example Problems

— Searching for markers and exploring disease alleles

The National Institutes of Health
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The National Center for
Biotechnology Information

#

» Created as a part of NLM in 1988
— Establish public databases

— Perform research in computational biology

— Develop software tools for sequence analysis
— Disseminate biomedical information

Entrez Gene and RefSeq

« Entrez Gene is a new database of gene loci

» Entrez Gene includes all organisms in LocusLink
plus all other organisms in RefSeq

* Entrez Gene is an Entrez database with full
searching and linking capabilities

« Entrez Gene will ultimately replace LocusLink

Gene Record for Human TPO

pdated 16-Mar-2004

- [C e — e e
Gene type: protein codeg

Geme name; TPO

Gone doscription: thyroid peromdase

ReiSeq status: 4

Organis:

Lineage: Bukaryta; Metazoa,; Chordata; Cramata; Vertebrata; Butalecstons; Mammiaka; Butheria; Prowates; Catario

ougtedication defect ILA

ave breen described but

Genersl protein information:
Maenes thyroed perozidase




Primary vs. Derivative Databases
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RefSeq:
LocusLink and
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Curators
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RefSeq Benefits

* Non-redundant

« Explicitly linked nucleotide and protein sequences

» Updates to reflect current sequence data and biology
 Data validation

» Format consistency

« Distinct accession series

» Stewardship by NCBI staff and collaborators

RefSeq Accession Numbers

Curated Records

NC_123455 Complete genomic sequence (chromosome)
NG 123456 Incomplete genomic sequence

NM 123456 mRNA

NP_123456 Protein derived from NM

NR_123456 Non-coding RNA

Model Records

NT_123456 Assembly of BAC data
NW 123456 Assembly of WGS data
NZ_ABCD12345678  Collection of WGS data
XM 123456 mRNA

XP_123456 Protein derived from XM
ZP_123456 Protein derived from NZ

XR_ 123456 Non-coding RNA




RefSeq Pipelines

Genome
Annotation

Associate gene locus
with cDNAs from
Genbankor collaborators

Assemble genomic region
using sequences from
Genbankor collaborators

|Find longest mRNAl

|Predict Gene |

P

Chromosomes:
complete
assemblies of
Genbankrecords

Microbial genomes:
compiled from
Genbanksequences

Small genomes
and Viruses:
compiled from one
Genbankrecord

LocusLink Pipeline

Genome
Annotation

Associate gene locus
with cDNAs from
Genbankor collaborators

Assemble genomic region
using sequences from
Genbankor collaborators

| Find longest mRNAl

|Predict Gene |

Ed

Chromosomes:
complete
assemblies of
Genbankrecords

Microbial genomes:
compiled from
Genbanksequences

Small genomes
and Viruses:
compiled from one
Genbankrecord

Curated Eukaryotic RefSeqgs

Mus musculus
Rattus norvegicus

Mus musculus
Rattus norvegicus

[w]

NP

Anopheles gambiae str. PEST
Magnaporthe grisea 70-15
NC
NC
Arabidopsisthaliana
Oryza sativa (japonica cultivar-group)
NC
NC
NC
Trypanosoma brucei
NC
Caenorhabditis elegans
Drosophila melanogaster
Danio rerio
Xenopus tropicalis
Gallus gallus
Homo sapiens

Bos taurus

Anopheles gambiae str. PEST
Magnaporthe grisea 70-15
Eremothecium gossypii
Plasmodium falciparum 3D7
Arabidopsis thaliana

Oryza sativa (japonica cultivar-group)
Schizosaccharomyces pombe
Saccharomyces cerevisiae
Leishmania major
Trypanosoma brucei
Encephalitozoon cuniculi
Caenorhabditis elegans
Drosophila melanogaster
Danio rerio

Xenopus tropicalis

Gallus gallus

Homo sapiens

Bos taurus




Finding Primary Sequences

» Search Entrez Nucleotide

— 99.3% GenBank (primary data)
— 0.7% RefSeq (curated data)

 Typical starting query:

— thyroid peroxidase AND human[orgn]

* Useful search terms in [Properties]:
— srcdb : Source database (srcdb genbank)
— gbdiv : GenBank division (gbdiv est)
— biomol : Biomolecule type (biomol mrna)

Global Entrez Search

Results

291 records

NM_XXXXXX:

curated TPO | RefSegs!
splice variants

| [Title]

Not TPO!

hie caarver faaly 26, membes 4 (SLO26A4). mBMA |
o001 1[3505696]




Limit by Title and Database

Entrez Nucleotide
99.3% GenBank (primary data)
srcdb ddbj/embl/genbank [properties]
0.7% RefSeq (curated data)

srcdb refseq[properties]

#1: thyroid peroxidase AND human[orgn] 291
#2: thyroid peroxidase[title] AND human[orgn] 166
#3: #2 AND srcdb refseq[properties] 5

#4: #2 AND srcdb ddbj/embl/genbank[properties] 161

primary data

GenBank Divisions

PRI (27 Primate it

S Traditional

PLN (10) Plantand Fungal

BCT (8) Bacterial/Archeal «Direct Submissions (Sequin/Bankit)
INV (6)  Invertebrate «Accurate (~1 error per 10,000 bp)
VRL (3) Viral *Well characterized

VRT (4) Other Vertebrate «Organized by taxonomy

MAM (1) Mammalian
PHG (1) Phage
SYN (1) Synthetic

UNA (1)  Unannotated Bulk

EST (288) Expressed Sequence Tag «For sequencing projects

GSS (98)  Genome Survey Sequence *Batch submissions (ftp/email)
HTG (61) High Throughput Genomic «Inaccurate

HTC (3) High Throughput cDNA *Poorly Characterized

STS (3) Sequence Tagged Site +Organized by sequence type

Limit by Genbank Division

EST Division gbdiv est[prop]
Primate Division ghdiv pri[prop]

#1: thyroid peroxidase AND human[orgn] 291
#2: thyroid peroxidase[title] AND human[orgn] 166
#3: #2 AND srcdb refseq[properties] 5

#4: #2 AND srcdb ddbj/embl/genbank[properties] 161

#5: #2 AND gbdiv est[prop] 20
#6: #2 AND gbdiv pri [prop] 141

traditional GenBank
records




Limit by Biomolecule Type

Genomic DNA biomol genomic [prop]

cDNA biomol mrna[prop]
#1: thyroid peroxidase AND human[orgn] 291
#2: thyroid peroxidase[title] AND human[orgn] 166
#3: #2 AND srcdb refseq[properties] 5]J
#4: #2 AND srcdb ddbj/embl/genbank[propertles] 161

#5: #2 AND gbdiv est[prop]

#6: #2 AND gbdiv pri [prop
genomlc DNA ]J

#7: #6 AND biomol genomic[prop]
#8: #6 AND biomol mrna[prop] /16

mMRNA / cDNA

Genomic Records

ersic M, 750 2t 2 segene

9) [,

fencmic Minaee, 324, segre
52[257540

osidase (ezons 6 and.3) [hunam, Genomic Mitant, 435 1, segmer Hiuman thyzced percaddase (TPO)
35ba| 113627]gb[S46243. 15462435 1[297539] e S MTPO1

Eluman thyroed percridase (TPO) geal
{33038 M0 IEOMTRO 10(330858) W

sgrnial by
02,

cDNA Records

am 4 (TP GBIA, paatial ¢, lematreely spliced
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Use NOT

thyroid peroxidase[title] AND human[orgn] AND
gbdiv pri[prop] AND biomol mrna[prop] NOT
variable NOT IgK NOT IgH

terms 1-10 of 10 n

thyreid pecazidase is
BR32I622gbiA Y 136322 1

A from atesnaiiely opl oe thyroid pecasidase (EC1 111.7)
b 17356

red perozidass scoform 5 (TH

Limit by Protein Name

thyroid peroxidase[protein name] AND human[orgn] AND
gbdiv pri[prop] AND biomol mrna[prop]

| 116 records (title) > 4 records (protein name) |

Display | Surrory <Jmew|0 =] Sedio JTer =]
Teams 14 of 4 One page
L AF439430
Homo sapiens

owidase EITA, comglete ods, alematiely ppliced supports variant 5
8536457

18535487

complete cd supports all variants

e pHTF

supports variant 2

Fa

Human tryroed p

Search by Sequence

Disploy [ Summens =] mom[20 =] Sendio JTen 7]

Ieems 1 of 4 One page.

comglete ods, aliematreely spliced

complete cds

3; 102670

Hlaman thyroid perosidase ssBNA, cloas piTPO-2.4

SiF3FATORL{I02570. | EUMTIPOR{ 33970

i
Elosman thyroed perosidase

iI39A6gH 102569, 1[ETI




_Related Sequences

mits Previewindex fistor

v - ?rem?‘n 6o | I;len.
Cipboar ctalls

| #19 AND srcdb ddjb/embl/genbaniprop] AND human [orgn] |

s

1o SeC only e Mk
#before seseh ausmber, e g

#12 Sesech thyroid peroxidase(title] AND humanforgn] AND ghdiv prilprop] AND sredb
s ¥ g :

Most Racont Queriss Time Rasult
clootids Nerghbors o7 T 51205 ]
#1E yroid peros AND ghdiv prilprop] AND srcdb 50214
ddbj/embligenbank]prop] AND bi
150207

=] for [#15 AND ercdb ddbyemblgerbankorop) AND F_Preview | _Go | Clear

mits Previewindex | Hitary Clipboard Detall

. s aad click

 To combine searc] ©.g. (#2 OR #3) AND asthma

Search Most Recent Queries

[0 e 715 AND srodh dy sbl g mhanklprop] AND manforan]

GH Tehhurs for Huclootids (Sricet 4680720)
i+ thyraid peruxidase[protein name] AND humanfargn] AND ghiv prifprap] AND secdh
AND

Similar Human GenBank Sequences

Itens 1-20 of 33

H20 fom 2. complete sequence

<46 Clones!

Sorting order returns to
“lastin, first out.”

b3 fom 2, complee sequence 8 sequences not found
by a text search

2 thyroperoxidases

How did we do?

Entrez Gene Related Sequences

(EST found by gbdiv est[prop])

Entrez
P Related Sequences Search
Nucleotide Protein
Genomic [25713 AAA0T5T (o]
mRNA  AF439430  AALT4416 (o]
mRNA  AFS3E5IR  AANDLAT] (o]
mRNA  AFSIR5I0 A AND4ATE (o]
mRNA  AFSZE530  AAND44TI [0}
mRNA  AFS33531  AAND4TY (o]
mRNA  AWETA0EZ None [o}
mRNA  AYI36820 AANIIZ0Z o
mRNA  J02969 AMARILS [0}
mRNA  J02970 AAAR1A16 o
mRNA  MIT75S AnAE121T (o]
mRNA  M55702 AAARI2IE — Related Sequences
AAAG1219
mRNA  XIT7352 CAAZSIIS o
mRNA  YDD406 C 68467 —> Related Sequences
Mone PO7202 — SWISS-PROT, no nucleotide links!




Creating NM Records

16 exoms and 1 gene found i this gemoenic region sparming 130061 b,

View graphic ool

Genome annotation

— m o " 5 ]| Longest mRNA
O NMs must have
> cDNA support

Wouse over mismabches, indels and unaligned regions i see the exon nuzber.

NM/NP Records in Entrez

NM_000547: variant 1
COMMENT REVI EVED REFSEQ This record has been curated by NCBI
The reference sequence was derived from M7755.2 and AW874082.1
2003 this sequence version replaced gi:21361188

EST that completes 3’ end

staff

On Feb 25,

NM_175719: variant 2

COMMVENT REVI EWED REFSEQ This record has been curated by NCBI staff
The reference sequence was derived from J02970.1, AWS74082.1 and ML7755.2.

pscript variant 1, eiB1TA

inFmz
» Related Sequances
+ Map Viewer

OIS

NM/NP Records in Entrez Gene

054 Cu n

NCBI Reference Sequences (RefSeq)
mRNA Sequence 1 000547
Transcriptional Variant

Transcript Variant: This vari

Source Sequence 4082 M17755

Product NP 000538 thyroid peroxidass isoform a

Domains
cdD0033: Domain sbundant in complement control proteins score:120

18: Peroidase/oxygenase [General function prediction only] scorec1 778

o
£ d00054: Caleium-binding BGF-like domain, present in & large number of membrane-bound and extra

cuarelias (mosisy snimal peoteins seore:Li9

[Ty e————




Entrez Gene RefSeq Graphics

[Lsenzzsp

M 1: TPO thyroid peroxidase [Homo sapiens]|
GenelD: 7173 Locus tag HGNC 12015
Transcripts and products:

EefSeq below
HC_000002

[1458433 )
¥

5
HH 175719

NA_un05E7

P 753650 isoforn b

An_175720

800538 ssaforn a

NH_175721

755651 3zoform ¢

NA_1757EE

P 753652 izoform d

* B - coding resion W - untranzlated resion

P 753653 izoform e

INM

PROTEIN LINKS

mRNA LINKS » FASTA
b FASTA b GENBANK
F GENBANEK ¥ GRAPHICS
P GRAPHICS b BLink
> CDD

Annotation Pipeline

Genome
Annotation

Genome

Associate gene locus
with cDNAs from
Genbankor collaborators

Assemble genomic region
using sequences from
Genbankor collaborators

| Find longest mRNAl

|Predict Gene |

NM

[N

Ed

Chromosomes:
complete
assemblies of
Genbankrecords

Microbial genomes:
compiled from
Genbanksequences

Small genomes
and Viruses:
compiled from one
Genbankrecord

Model Eukaryotic RefSeqs

Mus musculus

Homo sapiens

Rattus norvegicus

Mus musculus

Homo sapiens

Rattus norvegicus
Neurospora crassa

11



Creating Transcript Models (XMs)

Genomic DNA
(NC, NT,NW)

Scanning. . ..

Model mMRNA (XM)=me=== =—=> Model protein (XP)

(XR) -9
Curated mRNA (NM)e== ==> Curated Protein (NP)
(NR)
RefSeq
Genbank - ——
Sequences — — —

So how about TPO?

[T 1: TPO  thyroid peroxidase [Home sapiens]|
GenelD: 7173 Locus tag HGNC-12015
Transcripts and products: EefSeg below

HC_000002 <———

[RETELT S [1483453
E

NH 175719 NP_753650 soform b
WA_u05e7 W 00538 isoform o
NP_753851 soform ¢
WP 75350 isotorm d
W 759650 isoform &
B - coding region B - untranslated region
Spidey ?'%
Aligns mRNA to genomic DNA and predicts exon-intron structure
http:/iwww.ncbi.nlm.nih.gov/spidey
2eHC_000 £ 464> Homo sapiens chron _
vatiant 1, tsEDTA TNHTIZ MEI-l6EL 25 1000% ] 0
A o pins stvand of e sequence and on phus st
74359- 1682-1852 1M1 o 0
80340-80577 1853-2090 238 100.0% o o
e Tengh  idenity 20012200 208 10008 a 0
1-83 1-83 83 100.0%
G0 23002400 171 1000% a 0
4461040 BT 85 10008
9583-9667 79263 8BS 100.0% LTRSS U U
19976.20145 2433 1M 1000
103421-103520 26032702 100 100.0% o 0
2TH0-22722 434366 133 100.0%
4023240361 S67-696 130 1ar32: CEEEREY
42614-42820 657300 07 00 0%
261z 5 o 128959-120261 28333135 303 ]
42

12



What about LOC4009387?

™ 1: TPO thyroid peroxidase [Homo sapiens]
GenelD: 7173 Locustag HGMC:12015

Transcripts and products:

RS [asesap
i 't

It “ IR i

W - coding repbon W - untramalated eeplon

© 1: LOC400938 similar to G: 2 phin (G2SYN) phin 5) (SYNS)
GenelD: 400938
Transcripts and products:

HC_no0002

Genomic context: chromoseme: 2 Maps: 2625 3

vty [1msme

wocsian [Ty pm—— Locwz

BLAST Results for XM_171013

srcdb ddbj/embl/genbank[prop]

Optins foc adonced blasing AND biomol mrna[prop]
o] A0 =][Allarganisme |

[ Humansepests T Mesk foriosinp tuhle ceiy [ Mask lowes cuse Is there any GenBank
support for this mMRNA?

Sequences pradu

g aigniticant alignbents: (bits) Value human SNTGZ (XM1)

Homo sapiens wRNA for =..

325060 esh | AL

82 ) gh | BCD: Mus wusculus EIEFN cONA 45305108, a0 1.9 B0

The Perils of the XM

ref[XD4_124429 1[20850420]
This r cumentation at
I ]

XM records are models based only on genomic sequence, and are subject
to revision or removal with each new build of that genome.

BLAST the XM against the RefSeq database to look for a replacement:

Query= gi | 20850420] r ef | XM_124429. 1|
Mis nuscul us expressed sequence AA553001 (AA553001), mRNA

i 119527087| ref| NM 133873 1

Mis nusculus DNA segment, Chr 4, Wyne State University 114,
expressed (D4Wsullde), nRNA Length=1898

Score = 3701.55 bits (1867), Expect = 0

I'dentities = 1870/1871 (99%, Gaps = 0/1871 (0% Strand=Pl us/Plus

13



Genome Annotation in Entrez

GenBank Components y Conti
(clones, WGS) NT/NW Contigs NC

—

—

Genome Annotation Links

Displey [Summary =l mow [0 =] _Sendio [Ten =

Gane

¢ varians 1, mE1VA

—_—

Master
Ful text in PG

Slmow [0 =] Send [Ter 7]

=" |/ Genome

637547233]  compunents
e
genomic contig on human chromosome 2 R
containing NM_000547 b=
2 Link .
Doy | Surmery ol =] _Sondio [Tor =l
rox human chromosome 2

Han =} Companents
22406219

Displey | Summary

= F T |
tems 1200 23 o

Shestiz oot the 23 contigs of the
485 A[Hs2_3464 5] | chromosome 2 assembly

o ) )
ez Annotation Links § E_'Spmb.em Z

Download all clones used in the assembly of human chromosome 2

S snow [0 =] _Sendo [Ter =
human chromosome 2
2 wie 8 4 [ m—

+ Carponants
'+ Taxanomy

Surmery

Page [T of2

the 23 contigs of the
s | chromosome 2 assembly
=] mow[20 =] Sendw [Tea -

tems 1:20 ot 1983 Page [T craon

the 1983 clones of the
chromosome 2 assembly

Gispioy J Surenmny erl0 o) Seo e =]
2
-
Hor

7o 2, complete sequence

complete sequence




Getting an Annotation Summary

apiens]

CLTPO

GenslD 7173 Loruetag HGNC.1201
ot grre sz 125261 b TN 000547 fength
Transesipts and products: NP 00053 lengh
ey

teagih
1tp
95p
a5tp

Protein

158y

whp

=T

e
] iy Rt Tl by
e mhp g is [T £ 1Ty
SEI.BT  BShp  WELB B GE. IR

Getting the Annotation Details

[T 1: TPO  thyroid peroxidase [Home sapiens]|
GenelD: 7173 Locus tag HGNC-12015

Transcripts and products: EefSeg below
C——>>HC_¢

Genomic sequence

[1sen22ap | NUCLEOTIDE LINKS [11o43p

o » FASTA 7
NH 175719 H—F——H—— —H M 753658 soform b
AM_00587  H——f——t————— L GENBANK —# NP_000538 isoform a
NH 175720 H———H——H——, — M 753651 soform ¢
NH_i75721 EHARHICS WP_753852 izotorm d
WA_i757ez W 759650 isoform &

000002 Bormo sapions chro. [F42406218]

con zo-rEs-2

" [ACCESSION NC_000002 REGION: 1360223.1489483

RETVORDS
souRcE

Getting the Annotation Details

ACCESSION NC_000002 REGION: 1360223..1489483

computational analyais using
e e .

: 5 mAMAs"

exon-intron structure

E

4192
. B30
128080,

2s27..
103451.103520,312133
TyTomiet- thyroad pecaria
These flat files contain all annotations in the gene and the ful, explicit sequence

Slmilarity tor 1 ="
ftoansce ipt_id-"NE

Jainil. 83,946,
3

15



Getting the Assembly Details

TLK

uo
souRcE
cRGANIEX

REFERENCE
AUTHORS

TImE
T

The complete

000002 Hamo sapiens chro . [g42406219]

Linear

con 20-rEB-z008

FEATORES

Genome Pipeline

Genome
Annotation

Associate gene locus
with cDNAs from
Genbankor collaborators

Assemble genomic region
using sequences from
Genbankor collaborators

| Find longest mRNAl

|Predict Gene |

Ed

Chromosomes:
complete
assemblies of
Genbankrecords

Microbial genomes:
compiled from
Genbanksequences

Small genomes
and Viruses:
compiled from one
Genbankrecord

Entrez Gene and Genome

| Entrez Gene now includes all organisms in Entrez Genome |

adenylosuccinate synthetase [gene/protein name]

Display [ Surmary

Adenylosuc cinate sywhetare, maacle [Mis wruscudus]

=l how 70 3]/ Sendio [Ten =

Itam 1-20 of 115

manas gingrvaie W3]

Cacnariabaisis elegans]

16



Which Species?

™ e rpetecbactena {13 odes)
Giepley [ Common Tres (=] ahow| 20 =] Sando [T} Sl

Entrez

abarteria
 d-proteabacteria
, a-protechacteria

pos Link ubacteria
=

, b-proteabactesia

T aquiicales (1 zode
2, beprotecbactena ™ fuscbactesia (1 22

3¢ purd PubMed Links

[ ShF Links i
= 50, bprosechacteria

S Ureiene

ST Ltke ATOC 12472, beprodeobach
aderlosuccinate syherase [Bo I eskarye

Gerallr 2]

|works only for sets of less than 500 records

thetase [P [ 12: Pireld

i, L. plaacranpeetes

[ ———

T apsoaplena (1 ode)

Finding Genes by Text
Query: thyroid peroxidase
_Displey [Ene =l show[20 =] Szndia [Ten =]

ttam= 180 8

Moo sapiens]

Loeation: 2625

GepelD: $4314

sacdase, thyroid percasdase, eyeloasygensse catalybie dorms

108255

rovamanas surapaes ATCC 10708

Searching Entrez Gene

Gene symbol: human thyroid peroxidase (TPO)
tpo[sym] AND human [organism]
Protein name: topoisomerase genes from Archaea
topoisomer ase{gene/protein name] AND  archaea [or ganism]

Chromosome and Links: genes on human chromosome 2 with OMIM links
2 [chromosome] AND geneomim [filter] AND human [organism]

RefSeq status and variants: Reviewed RefSegs with transcript variants
sredb refseqreviewed[prop] AND hastranscript variantsprop]

Disease and Gene Ontology: Membrane proteins linked to cancer
integral to plasma membrane{gene ontology] AND cancer [dig]

17



Gene Links in Entrez

DNA /RNA

Gene Homologs
Polymorphisms

// \

Scripting Gene Searches

| Conduct Entrez searching by posting URle

Find human genes with disease alleles that have been mapped uniquely

ESearch(gene) human [organism] AND gene omim[filter] | #1: Gene UIDs
ELink(gene, OMIM) #1: Gene UIDs =~ ——- #2: OMIM UIDs

ESearch(OMIM)  #2 AND allelic variants[prop] AND has asterisk[prop]

—_—) #3: OMIM UIDs

ELink(OMIM Gene) ~ #3:OMIM UIDs ——— | #4: Gene UIDs
ESummary #4: Gene UDs ——» Summaries

Gene, LocusLink, and the Future

« Gene will eventually replace LocusLink

« Many LocusLink functions are now in the Entrez Links
menu

« As much as possible, LocusLink IDs are equal to the
corresponding Gene UID

¢ Currently there is no FTP site for Entrez Gene

« Therefore, we will maintain the LL_tmpl file and
associated files until Entrez Gene has FTP files

18



Beyond RefSeq
If your organism does not have RefSegs...
« UniGene : gene-based clusters of cDNAs and ESTs
¢ UniSTS : STS markers
*« WGS sequences in Entrez Nucleotide (wgs[prop])

« Trace Archive

UniGene:
Clustering Expressed Sequences

« Records are clusters of mMRNAs and ESTs that
ideally represent single genes

* Records are created automatically by a modified
BLAST algorithm

* UniGene provides a means to identify an EST or
unannotated mMRNA

Organisms in UniGene

Species UniGens Enrigs

Chlamydumonas rminhardi

Dictya

Toxaplasma gondi

19



Finding UniGene Clusters

1 TPO  thyreid peroxidase

ENTTTET
GenelD: 7173 Lovus g H — )
Transeripts and produces: Homsiocen
Hudectide

Gemomie cantext: clomoscae. 2, Maps:

o

.
Y. e —— e e
UniGene
[ =] fer [he1 7759 Go | _Clear

by Entrez search

B G| B o T |

UniGene Cluster for TPO

SEQUENCE INFORMATION

FNCES (18) 3read A
Homo sapiens thyroid per N
transcript vanant 5, mRNA 5! read

Homo sapiens thyraid per
l':\n—'rin.a'anlf N Pooled-Glandular 5'read P

Nots:

transcript vanant 3, mRNA
jomo sapiens thyraid per
anscript vanant 2, mRNA
i 1M 00054 3 Homa sapiens thyroid per:

anant 1, mRNA

Poolec-Glandular 5'read P

Pooled-Glandular 5'read P

transcript vanant 1, mRNA 3 read PA
531071 Homo sapiens cDNA clon
SAGE IMAGE 30325378, comph] pestoral musch P

Homo sapiens thyraid per

mRNA, complets ods.

wropercuidase m

= mutation.

peroxidase P

dperoddase mRNA, P
complele cds, alematvely spiced

Human miNA from stematively splices

gene lor tyrid perasidase 11.1.7)

Searching Entrez UniGene

Nucleotide: Non-genomic sequences from the PLN division of Genbank
gbdiv_pIn [properties] NOT biomol_genomic [properties]
MRNA rat clusters that have at least one MRNA
rat[organism] NOT O[mrna count]

Chromosome: e

Snp [SNP Class)] AND 1[Map Weight] AND mouse [organism]
UniSTS: Markers on the Genethon map of human chromosome 12

Genethon [Map Name] AND human [organism] AND 12[chromosome]

Structure: Structures of bacterial kinases with resolutions below 2 A

Bacteria [organism] AND kinase AND 000.00:002.00 [resolution]




UniGene Links in Entrez

Nucleotide

\\:

PubMed

\
«—

e,

-

UniSTS

Displey | Surmary Zlsuow[z0 7] Send [Ten 5

froms 114 of 14 One page

somaloGene
» mulentide

UniSTS
o

Hem sapsens, thvoid per

UniSTS Record

UniSTE 7452 - —
ALt | UniSTS: A unified set of markers
Primer Information N
ACACAGGCARATCRGARATE Mapping Information
GCAATGTTTACARGARAABECC
wlts using the Map Viewer
Map
|| Homa sapiens :
Name: 035 e
. Refeeece Inserwal. 10001 bin |
Also known | ¢ E
as: b 735
SHGC-11144  NCBIRH Map: Che 2
Cross References = 15.5 (R}
LocusLink Lad score 1
SHGC-11144
Unitsene
snp
RH details
HOC- 11148
GDE
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UniSTS Links in Entrez

Nucleotide

'\ /V

[~

«—

e,

Whole Genome Shotgun

wgs master[properties] wgs contig[properties]

source

CAAADL000000 224713 1o DR Linea
Mus musculus whole genome shotgun sequencing pr
CARRD0000000

CARADDODDODO.1 GI:20BOD445

Chordata; Cranista; vertebrata:
EButheria; Rodentia; Sciurognathi; Muridae: Murinae
nome Sequencing,Consortium.

ission

(01-MA: The Mouse Gencme Sequencing Consortium,
use.ensembl.org/

ulus whole genome shotgun (WGS) ject has the proj
accession CAAADODDODOOO. This version of the project (01} has the
accession number CAAADLDOD000, and consists of sequences
AA01224713.
Location/Qualifiers

224713

i Mus musculus"
taxon:10080%
22471

Trace Archive

EETmE ¢
st
Eamer 3 quey
Search, [

MNews, Even|
Last week

Jat
@

Lastwesk

sof TI=99014116 Goto Bage #

sef TI=99014117

{ B

EET CTTGCG6C CGC B TTITTTITTTITITITITTITTITITTITINCT [

3
TTTGGC GCT CB 66 CC G T TTCGGC C6 G CGGC CCGC GG
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Linking Beyond Genes

GEO Datasets

Sequence Polymorphisms

General Polymorphisms Human Phenotypes

« Primary database of submitted SNPs « Clinical literature database
« Curated database of reference SNPs « Curated at Johns Hopkins Univ
« Contains more than just SNPs: « Links human genes and genetic
* True SNPs disorders to human disease
* MNP (multiple nucleotide) « Lists allelic variants that have
« Insertions clinical consequences
« Deletions
* Microsatellites
* Mixed

« No variation (constant)

| Variations in SNP are not necessarily in OMIM, and vice versa!

Linking to SNP

Displey [ Grophics =] w70 3] Sendsa [Tom 3
1 TPO  thyrold peroxidase [Homo ]

GeneID T173 L E 2015
Transeriprs amd products:

e

3 I ; —a
Bisping | Grograc Sy =] st 20 ][0 B
Ik 120 of 455 Poge 23 Hed
T Graphic Summary :
s with map weight 1 (single are]

Whiapped e
e h g wed ght graater than|

SMPLox

o synomymas)

&7 Stnucture neighbor avaikable {Cn30), inkout to structure mape

19 (1-100) heterozygosity indicated by the re
uccess rate indicated by the blus arow (is. o

Mg
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Links to OMIM

= amow[20 =] Sendm [Taa =l

Famo sapiens]

Displey
CLTPO thyr
GenelD: TI173 Lotus

U sto
*» memalatene
* clzotids
» oMin

+ Brotain

 Bubed

imits Previewinges Histary Capboarg Detais

Displey | Tites =l stem[20 =] Semdin Ten =]

tams 1.2 0f 2 One page

SRMONE ORGANIFICATION DEFECT T
I ORGAHIFIC ATIO DEFECT, INCLUDED, TIOE, (HCLUDED

Gone map Iocus 2

OMIM Record

_OMIM

»

Search | OWIM Ge | _Cleer

Display [ Gateiad =] s  Sendia JTar =

P 06765
THYROID PERO:

*806765
P b THYROID PEROXIDASE; TPO

T ALLELIC VARIANTS
{selected examples)
DESCRIPTION selected examples)

tleast ]
geserated through alerny

NCBI Map Viewer

» Map Viewer Home Page
— Shows all supported organisms
— Provides links to genomic BLAST
» Genome Overview Page
— Provides links to individual chromosomes
— Shows hits on a genome graphically
» Chromosome Viewing Page
— Allows interactive views of annotation details
— Provides numerous maps unique to each genome




Map Viewer Home Page

.
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Masmm sl
= Pante OB
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Genome Overview Page

Homo sapiens genome view

il 34 wersion 3 statistics

Genomic BLAST
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the locatson of geres, TS, FIEH mapped clones, o, precbted gene models, s, varatice, sed meee

Chromosome Viewing Page

Houma sapiens Map View build 34.3 BLAST The Human Genome

Chromosome: 1 (20345678210111213 141516 17 1818 2021 RX Y

Measter Map: Genes On Sequence e Summary

-243M bp_DownydView Seauence Evidence
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Map Summary

- W ww
View Summary:
Track 1: Ideogram e AllSequence Maps Download Dita

Region Displayed: 2pter-2qter
Track 2: Conhg,

Region Displayed 0-243M bp
Total Contigs Cn Chromosome:
Contigs Labeled: 23 Total Contig
Track 3: Human UmGene Chiste;
Region Displayed: 0-243M bp
Total EST/mEIA alignments O
UniGene Clusters Labeled 34 T
Histogram Dara: Tick Width=49(
Track 4: Genes On Sequence
Region Displayed: 0-243M bp
Total Genes On Chromosome: 1
Genes Labeled: 20 Total Genes if

<«4— TPO's contig!

111367404
12031819

Map Content

| Map content varies greatly by species! |

* Sequence Maps

« Core assembly

« Annotation evidence éf;i’imb'y
« Clones & Markers Compgonem
« Polymorphisms Transcript
« Links & Features Gene

» Genetic Maps
« Cytogenetic maps
« Linkage maps
« Radiation hybrid maps

View the Assembly near TPO

Heuno sapiens Map View build 34.3

Description
engeln transe
brin s e

. .
dipepadypeptduse 10

potassium vokage-gae:
2 crosin I

amporrephic breral scle
woerb.a erphrcklastic

| centann, gamma 2




Assembly of Chr. 2

36282101112 1341516 T IR0 2021 22X Y
Master Map: Genes On Sequence View Susmary
Fegion Dipliped 1.219K-1 537K bp_DeonwnondNoew S .

bty [Com el conptid | s [oones ses® sl o

D040 s sudmm  E

b € 225 o

Master Map: Genes On Sequence

Region Displaged. 1319K-LS2TK by Diow oEudence
Aembly2X Lok ip 212 Conp: e E e Dercpt
]
s 00400973 4 mudeas  E
O 225 tywed

View of TPO

‘Homo supiens Map View build 343
Chromosome: 1[2]345 1
Master Map: Genes On Sequence

Regon Displaped 1,L1K-1, 76K bp _Download View Sequence/Endence
Auntl coetieald CompdlX] RO GesessaMga O

E Oy Deserg)

| Links to Entrez Nucleotide

LOCA00938 + meadomn  E o 2253 smdart

Links to Entrez Gene

C zpEs thyroid,

Links to Tools and Data

Gap in assemblyj
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Map Content

| Map content varies greatly by species! |

» Sequence Maps

« Core assembly
« Annotation evidence:

« Clones & Markers Ab initio (model)
+ Polymorphisms GenBankDNA
« Links & Features UniGene

* Genetic Maps Gene

« Cytogenetic maps
« Linkage maps
« Radiation hybrid maps

Annotation Evidence

shoin ]

GenBankrecords not used ’ f—
- in assembly B I

"M Fara2l HllniG ) Hodel 31X] Gores_ceqX]

Aligned ESTs

Syrabel

-
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Results

Soachfer o el chrofs e (1)

™ Show inked ensriee

Homo sapiens genome view

bulld M varsion 3 statisics

B

[l Searchreslts for query “rpo™: 6 hits

arseaubly [=1 =] _F
Hap fa:3 YR —— T Advanced search

Maps

ment Type

T Gene Genes cyto | Genes seq
196336 STS SIS

Chr Makch Mugtlement Type Mips TPOX TPO! STS §T8
] TPO & MM Morbid | Pheno
all matches
2 TPO THPO Gene Genes cyto | Genes seq
3 TPO 600044 MM Morbad | Pheno
E) o Gene G
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Searchfor fioa Find Clear
I Showlinksd nsive g e Mg hona
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@
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Flocws | Tass T oeton [ T oMM

T compoaent T contg T bees
Search for
only

5 GBA

Contg @ Genes 1 tegrated
GenEank DNA W Mrelman W Stapford G3
G P OMDM Marti [

wath 3 digease known

T
=

Advanced Search Results

build 34 version 3 statistics

o ——

) o
R
1 bt 1% pus 12

Chr Match
2 TPO
3 TPO

Horo sapiens genome view

. Search rdgults for query “tpo[SYM] ANT» (locus[obj_type])*: 2 hits

3
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Viewing Results on the Maps
I 1iostes Map Genes On Sequence View Swrmary [

Begion Displayed: 1,363K-1,586K bp  Download/View Sequence/Endenee
Gonescora il foniGHE]  Genessen® Sy O LinkOw £ o

o Descripticn

LOC400338 4 Fpd o E 2253 ssulle 1o Gamea-2|

red line and shading point to hit

™0 v OMMmprdeambin C 225 tyroid perosdae

Linking to the Map Viewer

Linking from Gene

Mastar Map: Genes On Sequence

Regicn Tnsplaped: 1,363K-1,586K bp D
GenescutesX  BaniGHM  Gees e gnbo o LinkOut E Opo Deveriphie
LOCAIS38 ppdoem B 2253 amie o Groms-2 sircphin
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31



Gene Homologs in Entrez

|ProtEST in UniGene: Linking Protein Homologs |

& Chustes Hs 71304 Homo sapiens ProtEST

blastx of UniGene cluster
sequences against curated proteins
from 8 organisms:

TPO: Thyroid peroxidase

LINES. Gene | LocusLisk | Hoe
SELECTED MODEL ORGANISM PROTEIN SIMILARTTIES H. sapiens

i prot g a M. musculus

H sapiens R. norvegicus

Sapiens] D. melanogaster

i mus: 1050 - JNDSS C. elegans

i ke patcuddace S. cerevisiae
Ronvegicus. A. thaliana

E. coli

Calagans

38 04 %1 3
(see ProE

Gene Homologs in Entrez

|Entrez Homologene: Homologs by protein BLASTl

I 1: HomoloGene:461. Gene conserved in Mammalia

Genes Proteins
(GEnes AFRrNEN 35 FUIAINE FAMODGS OF NG SNGINEY  PITRENS LS80 ) SEQUENGE SOMBaNSONS Bnd thew One page
chuning the consiruetion of HomoioGene conserved smsin arotesues
“n 0 e— =
thyroid peroxidase 503 3 somolacens
] 1 551 — Nucleatde
o1 53 anm
£1 - srotein
o148z Fusited
s
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Conserved Domains =t
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Recommended Reading function predctian oniy| e

nes and sequences
reates anices
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[FunEDan Unkcn]

ryrod e

Pairwise Scores

Search [ HomoloGene 1
Limits P

iEwiincex Histony

talls
Displey [ Paivize Scoes =] Shew|20 =] | Sendio [Tea =

Pairwise Scores

Species Gene aa%lD o KaKs Kni/Kinc
H.sapiens PO
vs. Rnorvegicus  Tpo 62 774 0268 764
ws. M musculus Tpo LE] 768 o277 0784
Rnorvegicus Tpo
vs. H sapiens TRO 62 4 0268 0147 0764
vs Mmusculus  Tpo 210 25 0.068 0134 05838
M.musculus Tpa
vs. H.sapiens TPO 55 768 0277 Blast
vs Rnorvegicus  Tpa 0 235 0068 Blsat




Gene Homologs in Map Viewer
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Genomic BLAST

NICBI Hor oenic Biology+ Human Genvore Guide
Search [LocusLink. =] far Go
Blast the Human Genome

‘Blast your sequence against Human specific sequences

ograma [blest 3]

Enter an accession, gi, or 3

NM_009417.

mouse cDNA
Optional parameters

Expect  Filter Descriptions Alignments

[om =] [aetaun =] [100 =] o=
I
"> Bognssnch | _Clearlnput

nced o

Results Summary

Benome View | Show pesitiona of che BLAST hita in the

iing the Eatze: Genomes MapVisws:

Distribution of 11 Blast Hits on the Query Sequence

[Mouze-

show g

& and scores Click o

ow BlignmEnts.

Color Koy for Alignnent. Scor
50-80

) T " T
] 500 1000 1500 2000 =N 3000

Sequences producing significent alignmencs:

b

£ef|NT_033000.6/s2 33176 Homo sapiens chromosomwe ! genemic... 141 3e-30

Results on Genome Overview

Searchfor | [rE—— Sty [ A1 =] _Foa
™ S i st Halp P [Te—

Homo sapiens genome view
owild 34 version 3 statistics

11

50.0) | ECEEIESETN
BLAST search results: 1 ELAST hit found
Query gi24475906jrefEIM_00%4 17 2 Mus musculus thyroid perondase (Tpe), mEHA
Gr B Mo oo Bake Moy ewe

1 1 0 NT 033000 Homo sapos

womosome 2 genomic contg
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BLAST Hits on Map Viewer

s | Il (45 L. Elasthiseesin=33% query 251.371
Blast hit [densty=9 3% query 498,534

Blast his [decery=36% query: 536467
Elagt hit Tderary=31% quary 671 373
Blas i Tderity=33% query 5081079
Biast bt Ldentty=32% query 1198 1573
™S + m

Blus i Terry=3 3% query: 13731542
Blas bt lderery=31% query: 16361791
Blas it Tdecsty=02% queey: 1808 2034
FI - Plast it Tdensiy=31% query: 2042 2202
Bias bt Densty=30% query 2255 2318

b Initls nodels

1o ‘I

Comparing the Dog cDNA

Displey | Grprics =] w70 =] Sandw [Tor =
L. TPO 2]

thyrold peroxidase [Canis fove
21

updated 24-Ma-

dng

proten cod

fase

“hordata; Cramiata; ¥

ia; Butheria; Carutvora; Pisspedia;

General protein infarmation
Mame. thyreid peromdase

Blast the Human Genome

Enter 20 accession, g, or a sequen

AAM26737

dog protein

tBLASTNn Results

Human Mouse

‘Bl bt Tdentity=65% query: 833 B63
‘Blast b Ldentty=15% query. 755 £33
‘Blast o Tdentty=51% query: 737 791
‘Blast et denbty=64% query, 666, 737
Tentty=Ti% query. 68 665

Blarht  densy62% query 60,111 ¥
entity=71% query. 116,160
Tdentty=53% query. 158 204
Tentiy=T7% query 205 273
Hentity=T8% query. 272 443
+ MINM

Tientiy=E0% query 443 520
Mentty=24% query. 530. 566
Tdenkty=75% query 587 664
TentitytT¥4 query 596 73
Hentity=55% query. 737. 791
Tdenbty=56% query TH 835

it Tentity=39% query: 530, 612

ot Tty query. 444, 529

tat Tdentity=T2% query: 273 443
‘Blast e Tdentty=T7% query: 209 273
Tientty=E1% query. 158
Tdenlity=T5% query: 116,150
Blast e dentty=£3% query: 60101

Genes On Seauence




Find a Locus Between Markers

Disg

betact Flstoafz0 =[sen =] _Sendia JTea

I 1: ] Pediair Endocrinel Metab. 2004 Feb,17(2)231-4

Congenital hypothyraidism caused by a uni
CI708T and C2737T.

thyroid peroxidase allele containing two m

Umeki K, Yamamotn I, Yukizane §, Katani 1.

Labcratony for Clescal Towestigation, Miyazala Medical College Eospal, Mipasale, Japan

rorputhe: d 10 be 2 major cause of
ot In the p iy, we exaermed the TPO gene of hree
ster, wth severe CHL_AIL 17 exons and the promoter region in the TPO gene were
i Tand CoToT we Tz b
s suggested to be a cause of CH. The other mutation, C2737T, and
s were also detected as homasygous We suspect that the mutated alleles

L& Qaow rezn Perwee ]

PMID: 15055360 [Pubbed - in process]

Markers in Map Viewer
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Homo sapiens genome view HLAST search the

bulid 34 wersia 3 statissics.

Targeting a Region
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D2S2268 — D2S323
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e Download ModelMaker

. Sequence
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Download Link: dI

Homo sapiens Genorne (build 34 3)
Regon to retrieve {in chromosome coordmates)
Chromosome: 2 Strand: [plus =

Fom [1360223 adjust by[oK
to-[1489483  adjust bys0K Change Region/Strand

Sequence Format [FASTA =

This chromosome region corresponds to the contig region:

Contig start  stop strand
NT_033000.6 141171 270431 + Display Save to Disk View Evidence ModelMaker|




Evidence Viewer

Exon 2

18 exons and 1 g Sound in this gencenic region spasmng 13
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Explore a Disease Allele: C1708T

Congenital hypothyroidism caused by a unique thyroid perexiduse allele containing two guutations,
CITOST and C2737T.

Umeki K, Yamamota I, Yukizane §, Katani T.

Labcentony for Cleical Tawestigition, Mipazaki Madical College Eosptal, Mipazski, Japan.
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ModelMaker

Exon 15 is the
tenth exon of
NM_000547

Fuzative exoas (graphic view):

Your modet

Create a Model with Exons 1-9

| NM_000547 = 2-3-5-6-7-9-10-11-13-15-16-17-19-20-22-23-25 |

[ Desired model = 2-3-56-7-9-10-11-13 |

frame with longest ORF
T

& ?‘ra:n&',,(}]#?:“-‘l% CDD © Frame?, r)}-‘r:|=| DD © Frame3,
lrc 1

kaikapizeelqpekllzaava [\ [ra
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Compare Conserved Domains

KOG2408
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=
ener
EGF

NM_000547 - NP_000538

Exons 1-9
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: enl| CDD|26022 pfam03098, An_peromdase, Animal haem peromdase

774 ¢d00033, CCP, Domam abundant m complement contrs] protems,

@ onl|CDD|14791 d00054, EGF_CA, Calcmm-binding EGF-lke domain, presentin a
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Explore a Disease SNP
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